Abstract The emergence of resistance to the current available drugs used for treatment against Indian Kala-azar (KA) or Visceral Leishmaniasis makes the control strategy inadequate for the disease. This grave epidemiological situation directed researches towards alternative treatments including herbal therapy. In this background, the aim of the present study was to evaluate the antileishmanial activity of the leaves of Coccinia grandis (a tropical vine) against both the Sodium Stibo Gluconate (SSG) sensitive and resistant as well as Miltefosine (MIL) sensitive and resistant field isolates of Leishmania donovani. The cytotoxicity effect of ethanolic extract of leaves of C. grandis (Cg-LE) against the clinical isolates of L. donovani was checked both in promastigotes and intracellular amastigotes stages. In both sensitive and resistant promastigotes, Cg-LE stimulated reactive oxygen species generation and apoptosis. Parasites infected macrophages showing enhanced nitric oxide production after Cg-LE treatment suggested the leishmanicidal activity of the leaf extract. Furthermore, Cg-LE treatment led to mitochondrial membrane damage and DNA fragmentation in promastigotes. The present study is very encouraging for the fact that Cg-LE showed promising antileishmanial activity against both SSG and MIL drug resistant clinical isolates of Indian KA.
Introduction
Leishmaniasis is one of the neglected tropical diseases caused by the protozoan parasites belonging to the genus Leishmania. Among three different clinical forms, Visceral Leishmaniasis (VL) or Kala-azar (KA) is the most severe form, if left untreated (Sundar and Rai 2002) . It is a systemic infection and most affected vital organs are spleen, liver, lymph nodes etc.
Around the World, 90% of VL cases occur in Indian subcontinent, Sudan, Ethiopia and Brazil (Desjeux 2004) . Currently available drugs for the treatment of VL are not working efficaciously due to the emergence of resistance (Croft et al. 2006) and there is no potent vaccine (Kedzierski 2010) . In this bleak scenario, alternative therapeutics is gaining impetus for obtaining antileishmanial compounds. Thus control measures have now focused mainly on alternative therapeutics using medicinal plants (De Carvalho and Ferreira 2001; Croft and Yardley 2002) . World Health Organisation reported that almost 80% of the total population of developing countries depends on traditional medicines for their health care needs (WHO 2000) . C. grandis is one of such medicinal plants with enormous medicinal values. Aqueous extract of leaves of C. grandis showed promising antibacterial activity against both gram positive and gram negative bacteria (Pekamwar et al. 2013) while root, fruit and leaves of C. grandis possess antioxidant activity (Mujumder et al. 2008) . The aqueous extracts of C. grandis leaves and stem has the anti-inflammatory activity (Deshpande et al. 2011) . Prostaglandin biosynthesis seems influenced by C. grandis achieving antipyretic activity (Aggarwal et al. 2011) . It was also evaluated for its anticancer property (Bhattacharya et al. 2010 ) and alcoholic extract of the fruit of the plant showed hepatoprotective role (Vadivu et al. 2008) . C. grandis has potent antihelminthic activity (Tamilselvan et al. 2011 ) and anti protozoan activity (Samanta et al. 2011; Sundaram et al. 2012) . Secondary metabolites (quinones, alkaloids, saponins, terpenes, etc.) obtained from many plants are the potent sources of antileishmanial compounds (Chan-Bacab and Pena-Rodriguez 2001; Schinor et al. 2007; Soares et al. 2007) . C. grandis leaf extract kills the Plasmodium falciparum and Plasmodium berghei (Samanta et al. 2011; Sundaram et al. 2012 ) and it has further been reported that leaf extract of C. grandis has serine protease inhibitor (Das et al. 2015) .
In this background, the present study aims to evaluate the anti-leishmanial activities of C. grandis leaf extract on clinical isolates collected from confirmed Indian Kala-azar patients giving special emphasis on the drug resistant field isolates of KA. The rationale for the endeavor is to search medicinal plants which may have the capacity to kill those resistant isolates.
Materials and methods

Reagents and chemicals
M199 medium, RPMI 1640 medium, HEPES, sodium bicarbonate, sulfanilamide, N-(1-naphthyl) ethylene diamine dihydrochloride, Giemsa, 2 0 ,7 0 -dichlorodihydrofluorescein diacetate (H 2 DCFDA), 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) were purchased from Sigma-Aldrich. 5,5,6,6-Tetrachloro-1,1,3,3-tetraethylbenzimidazole carbocyanide iodide (JC-1) and FITC AnnexinV-PI apoptosis kits were purchased from molecular probes. Ethanol was purchased from Merck. Fetal bovine Serum (FBS) was purchased from Gibco, USA. Agarose was obtained from HIMEDIA and QIAamp DNA mini kit was purchased from Qiagen, Germany.
Ethical approval
Bone marrow aspirates or splenic aspirates were collected from KA patients (as a part our DBT Twinning Programme) with prior approval of the Ethical Committee of the Calcutta National Medical College, Kolkata. The written consent was taken from the patients. (Khanra et al. 2016 (Khanra et al. , 2017 . The underlying rationale to select these isolates for the present study was based on the understanding that we wanted to check the efficacy of the ethanolic leaf extract of C. grandis (Cg-LE) on Indian KA clinical isolates both sensitive and resistant to the current drugs of use: SSG and MIL.
Cell line
Murine macrophage cell line named RAW 264.7 used for the present study was obtained from Dr. Syamal Roy, INSA Senior Scientist and J. C. Bose Fellow, Indian Institute of Chemical Biology, Kolkata. The cell line was maintained in RPMI 1640 medium with 10% FBS under 5% CO 2 incubator at 37°C.
Plant material
The leaves of C. grandis were collected during March, 2015 from Sodepur, Kolkata, West Bengal. The leaves were identified in the Department of Botany, Calcutta University. The specimen named as Lahiry 004 and accession number is 20032 (CUH). Specimen was kept in Calcutta University Herbarium (CUH).
Extract preparation
Leaves of C. grandis were dried in dark at the environmental temperatures (22-29°C) for 20-35 days and extracted with ethanol using Soxhlet apparatus (boiling point range 60-80°C) for 6-8 h. The ethanolic leaf extract of C. grandis (Cg-LE) was condensed at temperature ranges from -8 to -10°C in 100 mm Hg pressure. The remainder extract was stored at 4°C (Rahuman and Venkatesan 2008) . One gram of residue extract was first dissolved in 100 ml of ethanol and served as a stock solution. From the stock solution, 500 lg/ml was used in the final test solution.
Toxicity assay of Cg-LE on macrophages
Macrophages were incubated with increasing concentrations of Cg-LE. After 24 h MTT was added and incubated for 4-6 h at room temperature at 37°C. The optical density (OD) was measured after 30 min in a plate reader at 570 nm (Verma and Dey 2004) .
Anti-leishmanial activity by MTT assay
Log phase promastigotes (2 9 10 5 /well) were incubated at different concentrations of Cg-LE (0-500 lg/ml) for 24 h. Promastigotes viability was measured by MTT assay as described elsewhere (Mosmann 1983) . The optical density was measured using an ELISA plate reader at 570 nm.
In order to determine EC 50 , macrophages were plated in sterile freshly prepared 22 mm cover slips with different concentrations of Cg-LE for 24 h at 37°C and untreated macrophages received only medium and acted as control (Kremb et al. 2010) . Intracellular amastigotes were counted under microscope and the 50% effective concentration (EC 50 ) of Cg-LE was estimated by GraphPad Prism5 software (version 5.03) as described previously (Kremb et al. 2010; da Luz et al. 2009 ).
Measurement of nitric oxide production
Macrophages (1 9 10 5 macrophages /well) were plated in sterile tissue culture plate at 37°C in 5% CO 2 incubator and provided 48 h as adherence time for macrophages. Infection was given by log phage promastigotes for 24 h and treatment was given by Cg-LE for 24 h at 37°C in 5% CO 2 incubator. Nitrite was accumulated in cell free supernatants and measured by the Griess assay (Green et al. 1982 ) and the results are expressed in mM nitrite.
Measurement of reactive oxygen species production
The cell permeable, 2,7-dichlorofluorescein diacetate, was used to measure the reactive oxygen species (ROS) (Haldar et al. 2009 ). Adherent macrophages on tissue culture plate were infected with log phase promastigotes for 24 h and treatment was given by Cg-LE for another 24 h at 37°C in 5% CO 2 incubator. Relative fluorescence was measured (LS50B spectrophotometer; Perkin-Elmer, USA) at an excitation wavelength of 510 nm and emission wavelength of 525 nm.
Mitochondrial membrane potential
Mitochondrial transmembrane potential depolarization is hallmark of early apoptotic events, was routinely measured by JC1 dye (Dolai et al. 2009 ), sensitive to the electrochemical potential of mitochondria. Untreated and Cg-LE treated Leishmania promastigotes were incubated JC1in dark for 20 min and flow cytometry analysis was carried out in a BDFACSAria II cell sorter and analyzed by FACSDIVA software (BD Biosciences, San Jose, CA, USA).
DNA fragmentation assay
Three sets of experiments were performed: 1 9 10 6 promastigotes of three types of clinical isolates were treated (1) with the drug, SSG, (2) with the drug, MIL and (3) with the leaf extract of C. grandis (Cg-LE) respectively. Genomic DNA was isolated from all groups by using QIAamp DNA mini kit as per manufacturer's instruction. DNAs (900 ng) were loaded on a 1% agarose gel and run for 1 h at 100 V. The bands were visualized under UV light.
FITC AnnexinV-PI assay for apoptosis
Flipping of Phosphatidylserine (PS) of plasma membrane from inside to outside is another hallmark of apoptosis. In brief, untreated and Cg-LE treated promastigotes were washed in cold sterile PBS and stained with FITC conjugated AnnexinV and PI (Albanyan et al. 2009 ). Samples were analyzed immediately by flow cytometry at an excitation wavelength of 488 nm and emissions at 530 nm for green and 590 nm for red fluorescence.
Statistical analysis
Graph Pad prism software version V (San Diego, CA) was used for statistical analysis. Student's t test was performed and statistical significance of differences between groups was determined by the unpaired two-tailed Student's t test. Statistical significance was defined as P value of\0.05 and results were expressed as mean ± standard deviations of triplicate measurements. *P \ 0.05, **P \ 0.01, ***P \ 0.001.
Results
Antileishmanial activity
Both drug sensitive and resistant isolates of KA (A2, T8 and T9) were treated with Cg-LE in vitro conditions to measure the sensitivity of the isolates towards the extracts. RAW 264.7 cell line was used as host cell in the present study. Cg-LE extract have no cytotoxicity on host macrophages, it was observed that more than 90% macrophages remained viable up to 90 lg/ml Cg-LE concentrations (Fig. 1) . The IC 50 and EC 50 values of each of the isolates (Table 2) were estimated against Cg-LE using Graph Pad Prism Software (San Diego, California, USA).
When A2 was subjected to test the susceptibility towards Cg-LE, the EC 50 value was 25.18 ± 0.95 lg/ml for the intracellular amastigotes and IC 50 value of 5.12 ± 0.68 lg/ml for the promastigote stage of the isolate. The T8 showed the EC 50 value, 27.19 ± 0.99 lg/ml and IC 50 value of 5.86 ± 0.73 lg/ml for Cg-LE while the T9 showed EC 50 value of 24.27 ± 1.02 lg/ml and IC 50 value of 5.39 ± 0.30 lg/ml respectively.
Nitric oxide production
Since the MTT assay showed clear antileishmanial effect of the C. grandis leaf extract, we carried out experiments to estimate the status of NO in our Cg-LE treated group. It was observed that macrophages infected with A2 isolate and treated with Cg-LE produced about 1.8 times higher ( Fig. 2; bar 2) NO level compared to that of the control group ( Fig. 2; bar 1 ). More interestingly, macrophages infected with T8 isolate treated with Cg-LE enhanced 2.4 times higher NO level ( Fig. 2; bar 4) than that of the infected group ( Fig. 2; bar 3) . Similarly, the level of NO in macrophages infected with T9 isolate and then treated with Cg-LE was about 2.8 times higher NO level ( Fig. 2; bar 6 ) than that of the infected macrophages group ( Fig. 2; bar 5) . It was interesting to observe that drug resistant isolates released more NO compared to that of the drug sensitive isolate of KA.
Reactive oxygen species generation
Result demonstrated that ROS production was enhanced in Cg-LE treated macrophages infected with both sensitive as well resistant parasites. The ROS generations were increased by 1.33 times in case of macrophages infected with A2 ( Fig. 3 ; bar 2) and treated with Cg-LE than that of infected group ( Fig. 3; bar 1) . While the macrophages infected with T8 isolate and T9 and treated with the extract, the ROS generations had been seen increased about 1.4-1.5 times ( Fig. 3 ; bar 4, 6) compared to ROS generation from infected group ( Fig. 3; bar 3 , 5).
DNA fragmentation assay
Mitochondrial membrane potential change and DNA fragmentation are linked phenomenon. Mitochondrial membrane potential depolarization leads to fragmentation of DNA, is another event leads to apoptotic like cell death. Result showed that, DNA of A2 showed fragmentation of its DNA in presence of leaf extract of C. grandis ( Fig. 4 ; Fig. 3 . So, agarose gel electrophoresis of DNA fragmentation assay clearly showed that Cg-LE has nuclease activity that is able to fragment the DNAs of both sensitive (A2) and resistant clinical isolates (T8 & T9) of L. donovani.
Mitochondrial membrane potential
Increased production of free radicals (ROS, NO) generates oxidative stress inside the parasites and depolarizes mitochondrial membrane potential, early event of apoptosis.
JC1 enter into the cell from cell membrane and then into mitochondria forms aggregates. In apoptotic cells, these aggregates pour out from mitochondria as monomer. Cg-LE treated both sensitive and resistant promastigotes revealed a shift in the fluorescence intensity from red (590 nm) to green (530 nm). The analysis of the data revealed that the red/green ratio for the Cg-LE treated A2 promastigotes was 4.4 fold lower ( Fig. 5 ; bar 2) than control ( Fig. 5; bar 1) . Cg-LE induced mitochondrial membrane depolarization (red/green ratio 5.5 fold lower) in T8 promastigotes in respect to control ( Fig. 5; bar 3, 4) . The red/green ratio for the Cg-LE treated T9 promastigotes was fourfold lowers ( Fig. 5 ; bar 6) than control ( Fig. 5 ; bar 5).
Apoptosis study
Externalization of PS from the inner side of the cell membrane to the outer cell surface is characteristic of apoptotic cells. FITC conjugated annexin-V will binds to exposed charged head group of phosphatidylserine. During Fig. 2 Effects of the C. grandis leaf extracts on the nitric oxide production from the macrophages infected with L. donovani isolates sensitive and resistant to Sodium Stibo Gluconate and Miltefosine. Infected macrophages were treated with leaf extracts for 24 h at 37°C and then Griess assay were performed. Data represents mean ± SD of three independent experiments; unpaired two-tailed. Student's t test was performed. P \ 0.05 was considered significant. *P \ 0.05, **P \ 0.01, ***P \ 0.001 Fig. 3 Effect of the C. grandis leaf extracts on the superoxide production by the macrophages infected with both drug Sodium Stibo Gluconate, Miltefosine sensitive and resistant isolates. Superoxide anion productions were increased in all the extract treated macrophage groups. Infected macrophages were treated with of C. grandis leaf extracts and after 24 h of treatment, the assay were performed. Data represents mean ± SD of three independent experiments; unpaired two-tailed Student's t test was performed. P \ 0.05 was considered significant. *P \ 0.05, **P \ 0.01, ***P \ 0.001 necrosis or in late apoptosis, there is membrane damage that permits PI to diffuse inside the cell and stain the DNA. As shown earlier, Cg-LE induces ROS generation inside the Leishmania promastigotes. Because it is already reported by many researchers that intracellular ROS generation is a key regulator for inducing apoptosis (Sen et al. 2004; Roy et al. 2008) . We investigated if Cg-LE causes apoptosis in promastigotes of both sensitive and resistant strain. A significant percent of promastigotes of both sensitive and resistant strain stained positive for both annexinV and PI. As shown in the Fig. 6B, 95 .4% of Cg-LE treated A2 parasites are in the late apoptotic stage (upper right quadrant) compared with control parasites, where only 0.2% are positively stained (Fig. 6A) . For T8 parasites, 91.8% of Cg-LE treated parasites are in the late apoptotic stage (upper right quadrant) (Fig. 6D) whereas only 3.0% were present in control (Fig. 6C) . 93.6% of Cg-LE treated T9 parasites (Fig. 6F ) are in late apoptotic (upper right quadrant) but in control only 3.2% cells are late apoptotic (Fig. 6E ).
Discussion and conclusion
Lack of effective drugs, vaccine against leishmaniasis gave thrust to discover an effective treatment with reasonable cost and minimal side effects. Phytotherapy is emerged as an important tool in the search for potent antileishmanial compounds. Aloe vera leaf extract has shown Cg-LE induced alteration of mitochondrial transmembrane potential in both drug sensitive and resistant Leishmania donovani promastigotes. A2, T8 and T9 promastigotes were exposed to Cg-LE for 24 h and the mitochondrial transmembrane potential was determined using JC-1 fluorescent probe. Three independent experiments were performed and mean ± SE was presented. P \ 0.05 was considered significant. *P \ 0.05, **P \ 0.01, ***P \ 0.001 leishmanicidal activity by activating reactive oxygen species against Leishmania (Dutta et al. 2007) . Azadirachta indica leaf extract is an effective leishmanicidal compound having immunomodulatory activity seen in Leishmania donovani infection (Dayakar et al. 2015) . Emblica officinalis extract is also very effective for treating visceral Leishmaniasis (Kaur et al. 2013) . Methanolic leaf extracts of Acorus calamus, Alstonia scholaris and Berberis aristata and Polyalthia longifera showed significant antileishmanial activities (Pal et al. 2011; Sidana and Farooq 2015) . Essential oils of Coriandrum sativum, Lippia sidoides and Copaifera reticulate have potent antileishmanial activity in vitro (Rondon et al. 2012) . Andrographolide is a labdane diterpenoid that has been isolated from the stem and leaves of Andrographis paniculata, used to treat the experimental leishmaniasis in the hamster model and found to reduce the parasitic burden (Sinha et al. 2000) . Curcuma longa cortex rich in turmerones and their liposomal formulations has antileishmanial activity and could represent good strategy for the development of new antileishmanial agent (Amaral et al. 2014) .
In our present study, we have examined the antileishmanial activity of ethanolic leaf extract of Coccinia grandis (Cg-LE) against both drug sensitive as well as drug resistant isolates of VL. The rationale behind selection of both drug sensitive and resistant clinical isolates of Leishmania lies in the fact that so far, whatever chemotherapy has been employed for the killing of the parasites, after few years of their usage, resistance would appear making the control measure futile. Thus, if we come across any herbal preparations that could be effective for drug resistant isolates along with the sensitive counterparts, it would serve the best purpose of it.
The in vitro activity of Cg-LE against intracellular amastigotes as well as on promastigotes (Table 1) coupled with the absence of cytotoxicity on host macrophages formed the basis for advanced exploration of this promising lead (Evans and Croft 1994) . We have observed that Cg-LE induces production of superoxide and nitric oxide in macrophages. Generations of nitrite and superoxides are the key weaponry of the macrophages for killing the Leishmania parasites inside the cell (Gottlieb et al. 2003) . It has been seen that Cg-LE extract treated groups of infected macrophages showed increased level of both Nitric Oxide and Reactive Oxygen Species production compared to that of the infected group. It was interesting to observe that macrophages infected with T9 isolate showed more NO generation than that of the macrophages infected with A2 and T8 isolates respectively.
Our study showed that extract treatment leads to change in mitochondrial membrane potential at 24 h treatment. AnnexinV-PI double staining showed that Cg-LE treatment causes apoptosis of parasites both in drug sensitive and resistant strain. It is already reported that apoptosis and change in mitochondrial membrane potential are linked phenomenon (Ly et al. 2003; Matassov et al. 2004 ). DNA fragmentation is another hallmark of apoptotic cell death (Amer and Swanson 2002) and Cg-LE treatment was able to fragmented promastigotes' DNA after 24 h of treatment.
Resistance to SSG is a major problem in Indian subcontinent. A number of cases of SSG unresponsiveness are reported every year throughout India. Present epidemiological study indicates that about 70% VL cases are not responding to the drug (Sundar et al. 2000) . Amphotericin B, Pentamidine are used as second line effort to combat the deadly disease of the poor but the scenario turns bleak as these drugs have severe side effects (Sundar 2001a) . Liposomal formulation of Amphotericin is less toxic and effective but very costly (Sundar 2001a) . Anticancer drug Miltefosine was introduced in Indian subcontinent as an oral antileishmanial drug especially to treat the cases which are unresponsive to antimonials (Sundar 2001b; . After few years of use, it also started facing problem of emergence of resistance (WHO 2000; Das et al. 2013) .
Traditional uses of herbal plant parts may be our last refuge to overcome the burden of the diseases. Our present study clearly showed that ethanolic leaf extract of medicinal plant Coccinia grandis exhibited potent antileishmanial activity against both drug sensitive as well as drug resistant isolates of L. donovani. The uniqueness of the observations was that this extract has all spectrum activities against any kind of clinical isolates of L. donovani either sensitive or resistant types. This is first such kind of report.
